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(57) ABSTRACT

A drive device to drive a semiconductor element includes:
an 1dentification signal generating circuit generating an
identification signal depending on a type of an mput error
signal; a protection operation signal generating circuit gen-
erating a protection operation signal having a pulse width
equal to that of one of the error signal and the 1dentification
signal having a longer pulse width; an i1dentification signal
terminal mputting and outputting the identification signal; a
protection operation signal terminal inputting and outputting
the protection operation signal; and a protection circuit
performing an error protection operation depending on an
own-phase protection operation signal generated by the
protection operation signal generating circuit and an other-
phase protection operation signal input through the protec-
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DRIVE DEVICE FOR SEMICONDUCTOR
ELEMENT

BACKGROUND OF THE INVENTION

Field

The present invention relates to a drive device to drive a
semiconductor element.

Background

In a power semiconductor device such as a three-phase
iverter, a plurality of drive devices to drive a plurality of
semiconductor elements are disposed. Each of the drive
devices has an FO function of informing a control device
(MCU) side of an abnormal state simultaneously with opera-
tion interruption of the semiconductor element when an
error signal 1s detected by state monitoring (SC, OC, OT,
UV, or the like) of the semiconductor element (for example,
see¢ Japanese Unexamined Patent Publication No. 2012-
10544).

FIG. 13 1s a diagram showing a conventional drive device
for semiconductor element. FIG. 14 1s a timing chart show-
ing an operation of the conventional drive device for semi-
conductor element. When each drive device receives an
error signal from an ERR terminal, the drive device outputs
an 1dentification signal from an FO terminal to an MCU.
Since the identification signal has different pulse widths
depending on the types of error signals, the MCU side can
identily an error mode. When a drive device recerves an
identification signal from another drive device, the corre-
sponding device detects that the other drive device performs

an error protection operation, and also performs an error
protection operation by itself.

SUMMARY

A conventional drive device outputs an i1dentification
signal and detects an error protection operation with one FO
terminal. For this reason, when a pulse width of the 1denti-
fication signal 1s determined depending on the type of an
error signal, an error protection operation corresponding to
an error signal having a length longer than the pulse width
cannot be performed. On the other hand, when the pulse
width of the identification signal 1s made equal to the length
of the error signal, the MCU side cannot identily an error
mode.

A plurality of error signals cannot be continuously 1nput
without mixing identification signals with each other. For
example, when a control power supply voltage drop protec-
tion operation (UV operation) increases a junction tempera-
ture of a semiconductor element to activate a temperature
abnormality detection operation (OT operation), the protec-
tion operation 1s performed for both the errors. On the other
hand, as an identification signal, an identification signal
corresponding to the UV operation serving as a trigger of an
error should be precedingly output. However, since an
identification signal corresponding to the UV operation and
an 1dentification signal corresponding to the OT operation
are mixed with each other, the MCU side cannot discrimi-
nate the errors from each other.

In a three-phase inverter system or the like, the FO
terminals of a plurality of drnive devices are collectively
coupled to an MCU. Thus, as shown 1in FIG. 14, when errors
continuously occur in own-phase and an other-phase, 1den-
tification signals in both the phases are mixed with each
other to make 1t impossible to discriminate error modes from

each other on the MCU side.
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The present mvention has been made to solve the above
problem, and as its object to obtain a drive device for
semiconductor element that can perform an error protection
operation 1independently of an 1dentification signal and can
identify an error mode based on an output identification
signal.

According to the present invention, a drive device to drive
a semiconductor element includes: an identification signal
generating circuit generating an 1dentification signal
depending on a type of an mnput error signal; a protection
operation signal generating circuit generating a protection
operation signal having a pulse width equal to that of one of
the error signal and the i1dentification signal having a longer
pulse width; an 1dentification signal terminal inputting and
outputting the identification signal; a protection operation
signal terminal inputting and outputting the protection
operation signal; and a protection circuit performing an error
protection operation depending on an own-phase protection
operation signal generated by the protection operation signal
generating circuit and an other-phase protection operation
signal input through the protection operation signal terminal.

In the present mvention, a protection operation signal
having a pulse width equal to that of one of an error signal
and an 1dentification signal having a longer pulse width 1s
generated. The identification signal terminal mnputting and
outputting an i1dentification signal and the protection opera-
tion signal terminal inputting and outputting a protection
operation signal are independently configured. In this man-
ner, an error protection operation can also be performed
independently of the identification signal. Thus, an error
protection operation coping with an error signal having a
pulse width longer than that of the i1dentification can also
performed. Identification signals having pulse widths vary-
ing depending on the types of error signals are output to
make 1t possible to 1dentify an error mode on the MCU side.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing a power conversion device
according to an embodiment of the present imvention.

FIG. 2 1s a diagram showing a drive device for semicon-
ductor element according to the embodiment of the present
invention.

FIG. 3 1s a diagram showing an i1dentification signal
generating circuit and a protection operation signal gener-
ating circuit according to the embodiment of the present
invention.

FIGS. 4 to 7 are timing charts showing operations of the
identification signal generating circuit and the protection
operation signal generating circuit according to the embodi-
ment of the present mnvention.

FIG. 8 1s a diagram showing a first example of a timer
circuit according to the embodiment of the present inven-
tion.

FIG. 9 1s a diagram showing a second example of the
timer circuit according to the embodiment of the present
invention.

FIG. 10 1s a diagram showing a third example of the timer
circuit according to the embodiment of the present inven-
tion.

FIG. 11 1s a diagram showing an other-phase 1dentifica-
tion signal preferential circuit according to the embodiment
of the present invention.
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FIG. 12 1s a timing chart showing an operation of the
other-phase 1dentification signal preferential circuit accord-
ing to the embodiment of the present invention.

FIG. 13 15 a diagram showing a conventional drive device
for semiconductor element. 5

FIG. 14 1s a timing chart showing an operation of the
conventional drive device for semiconductor element.

DESCRIPTION OF EMBODIMENTS

10

FIG. 1 1s a diagram showing a power conversion device
according to an embodiment of the present invention. The
power conversion device includes an mverter 1 and drive
devices 3a to 3/ independently driving six semiconductor
clements 2a to 2f constituting the inverter 1. 15

The semiconductor elements 2a to 2f are IGBTs (Insu-
lated Gate Bipolar Translators). A series circuit including the
semiconductor elements 2a and 24, a series circuit including
the semiconductor elements 256 and 2e, and a series circuit
including the semiconductor elements 2¢ and 2f are coupled 20
in parallel with each other between a positive electrode line
Lp and a negative electrode line Ln which are coupled to a
DC power supply supplying a DC power to the lines Lp and
Ln. Flywheel diodes 4a to 4f are coupled 1n antiparallel with
the semiconductor elements 2a to 2f, respectively. 25

The semiconductor elements 2a, 25, and 2¢ are defined as
U-phase, V-phase, and W-phase semiconductor elements,
respectively, to constitute an upper arm UA, and the semi-
conductor elements 2d, 2e, and 2f are defined as X-phase,
Y-phase, and Z-phase semiconductor elements to constitute 30
a lower arm LA. Three-phase AC powers are output from a
coupling point between the semiconductor elements 2a and
2d, a coupling point between the semiconductor elements 256
and 2e¢ and a coupling point between the semiconductor
clements 2¢ and 2/, and the three-phase AC powers are 35
supplied to AC loads such as an electric motor.

Each of the semiconductor elements 2a to 2f has a current
sensing transistor 5 detecting a current flowing between a
collector and an emitter and a temperature detection diode 6
buried 1n the same chip as that of the corresponding semi- 40
conductor element. The collector and the gate of the current
sensing transistor 5 are coupled to the collector and the gate
of the corresponding semiconductor element, respectively.

The drive devices 3a to 3/ have the same configurations,
respectively. Each of the drive devices 3a to 3f has an input 45
terminal IN receiving a pulse width modulation signal for
gate driving from an external control device 7 (MCU), an
output terminal OUT outputting a gate drive signal to the
gate of the corresponding semiconductor element, error
terminals ERR1, ERR2, and ERR3, an FO terminal (iden- 50
tification signal terminal) inputting and outputting an iden-
tification signal, and an FO_T terminal (protection operation
signal terminal) inputting and outputting a protection opera-
tion signal. The FO terminals of the drive devices 3a to 3f
are collectively coupled to the control device 7. The FO_T 55
terminals of the drive devices 3a to 3f are coupled to each
other.

The error terminal EER1 receives a driver power supply
voltage supplied to each of the drive devices, the error
terminal ERR2 1s coupled to the emitter of the current 60
sensing transistor 5, and the error terminal ERR3 1s coupled
to the anode of the temperature detection diode 6.

FIG. 2 1s a diagram showing a drive device for semicon-
ductor element according to the embodiment of the present
invention. An input circuit 8 performs signal processing 65
such as wavelorm shaping to a pulse width modulation
signal mput from the input terminal IN. An amplifier 9

4

amplifies an output from the iput circuit 8 to cause the
output terminal OUT to output the amplified signal as a gate
drive signal.

Error signal generating unit 10a, 105, and 10c generate
error signals depending on signals received from the error
terminals ERR1, ERR2, and ERR3, respectively. More
specifically, the error signal generating unit 10a outputs an
error signal corresponding to power supply voltage drop
protection (UV) when the driver power supply voltage
decreases to a predetermined voltage or less. The error
signal generating unit 1056 outputs an error signal corre-
sponding over-current protection (OC) and short-circuit
protection (SC) when an mput current flowing in the current
sensing transistor 5 increases to an over-current threshold
value or more. The error signal generating unit 10¢ detects
a chip temperature based on an inter-terminal voltage from
the temperature detection diode 6, and outputs an error
signal corresponding to over-heat protection (OT) when the
detected chip temperature increases to a predetermined
over-heat threshold value or more.

An 1dentification signal generating circuit 11 generates an
identification signal having pulse widths (Duties) varying
depending on the types of mput error signals. The 1dentifi-
cation signal 1s output from the FO terminal through an
other-phase 1identification signal preferential circuit 12 and a
transistor 13.

A protection operation signal generating circuit 14 gen-
crates a protection operation signal having a pulse width
equal to that of one of the error signal and the i1dentification
signal having a longer pulse width. The protection operation
signal 1s output from the FO_T terminal through a transistor
15.

The protection operation signal output from the protection
operation signal generating circuit 14 1s mput to an OR
circuit 16, and an other-phase protection operation signal
input through the FO,; T terminal i1s also input to the OR
circuit 16 through an nverter 17. An output from the OR
circuit 16 1s input to the protection circuit 18. The protection
circuit 18 performs operation interruption (error protection
operation) of the semiconductor element depending on an
own-phase protection operation signal generated by the
protection operation signal generating circuit 14 and an
other-phase protection operation signal nput through the
FO,,T terminal.

FIG. 3 1s a diagram showing an i1dentification signal
generating circuit and a protection operation signal gener-
ating circuit according to the embodiment of the present
invention. Error signals ERR1, ERR2, and ERR3 are 1nput
to T terminals of D flip-flop circuits 21a, 215, and 21c
through AND circuits 19a, 195, and 19¢ and inverters 20a,
2056, and 20c¢, respectively. High-level voltages are applied
to D terminals of the D thp-flop circuits 21a, 215, and 21c.
Outputs from the AND circuits 19a, 195, and 19¢ and
outputs from the D flip-flop circuits 21a, 215, and 21c¢ are
input to OR circuits 22a, 22b, and 22c.

Outputs 1I1d, 1124, and 13d from the D flip-tlop circuits
21a, 215H, and 21c are mput to an OR circuit 23, and an
output from the OR circuit 23 serves as an identiﬁcation
signal. Outputs Ilq, 12g, and {134 from the OR circuits 224,
22b, and 22¢ are mput to an OR circuit 24, and an output
from the OR circuit 24 serves as a protection operation
signal.

The fI1g 1s mput to the OR circuits 255 and 25¢, the 112¢g
1s 1input to the OR circuits 25a and 235¢, and the 1134 1s 1nput
to the OR circuits 25a and 2556. Outputs from the OR circuits
23a, 25b, and 25¢ are inversely mput to the AND circuits
19a, 19bH, and 19c¢, respectively. When a predetermined
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period of time has elapsed after the timer circuit 26 receives
the fild, 1124, and i34, the timer circuit 26 outputs a reset
signal of each R terminal of the D flip-flop circuits 21a, 215,
and 21c.

The OR circuits 22a, 225, 22¢, and 24 of the above
configuration correspond to the protection operation signal
generating circuit 14, and the other configuration corre-
sponds to the identification signal generating circuit 11. In
the 1dentification signal generating circuit 11, the D flip-tlop
circuits 21a, 215, and 21¢ use the error signals ERR1, ERR2,
and ERR3 as edge triggers, respectively. The timer circuit 26
begins to operate depending on the outputs from the D
tlip-tflop circuits 21a, 215, and 21c, and, after a predeter-
mined period of time has elapsed, the timer circuit 26 resets
the D flip-flop circuits 21a, 215, and 21c¢. In this manner, the
identification signal generating circuit 11 changes an output
period, 1.¢., a pulse width of an 1dentification signal depend-
ing on outputs from the timer circuit 26. Thus, 1dentification
signals having diflerent pulse widths are generated depend-
ing on the types of the error signals ERR1, ERR2, and
ERR3.

When any one of the protection operation signals 1l1g,
f12g, and 113¢g 1s output, the preferential circuit including the
AND circuits 19a, 195, and 19¢ and the OR circuits 254,
25b, and 25¢ prevents an error signal from being iput to the
D tlip-flop circuit corresponding to another protection opera-
tion signal. Thus, when a second error signal 1s input while
a protection operation signal corresponding to a first error
signal previously mput 1s outputting, the identification signal
generating circuit 11 does not generate the identification
signal corresponding to the second error signal.

FIGS. 4 to 7 are timing charts showing operations of the
identification signal generating circuit and the protection
operation signal generating circuit according to the embodi-
ment of the present invention. As shown 1n FIG. 4, when the
error signal ERR1 1s input, the protection operation signal
fI1g having a pulse width t1 i1s generated. When the error
signal ERR2 1s input after the protection operation signal
f1g 1s output, the protection operation signal 12 having a
pulse width t2 1s generated.

On the other hand, as shown 1n FIG. 5, even though the
error signal ERR2 1s mput while the protection operation
signal iI1¢ 1s output, the error signal ERR2 1s not input to the
D flip-tlop circuit 215, and an 1dentification signal and a
protection operation signal corresponding to the error signal
ERR2 are not generated.

As shown 1 FIG. 6, when a pulse width terr of the error
signal ERR1 1s shorter than the pulse width t1 of the
identification signal fI1d corresponding to the error signal
ERR1, the protection operation signal filg having the same
pulse width t1 as that of the identification signal iI1d 1s
generated.

On the other hand, as shown in FIG. 7, when the pulse
width terr of the error signal ERR1 1s longer than the pulse
width t1 of the identification signal 1i1d corresponding to the
error signal ERR1, the protection operation signal iIlqg
having the same pulse width terr as that of the error signal
ERR1 1s generated. Thus, an error protection operation
corresponding to an error signal having a pulse width longer
than that of an identification can also be performed.

FIG. 8 1s a diagram showing a first example of a timer
circuit according to the embodiment of the present inven-
tion. The Ild, 124, and {134 corresponding to error signals
are mput to an OR circuit 27, and an output from the OR
circuit 27 1s mput to a NOR circuit 28. A transistor 29
connects or disconnects a capacitor 30 to/from the ground.

When any one of the fild, 124, and 134 1s input, the
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transistor 29 1s turned ofl, and a current source 31 begins to
clectrically charge the capacitor 30. A comparator 32 outputs
a signal until a voltage of the capacitor 30 reaches a
threshold voltage V thereby indicating a time taken to charge
the capacitor.

In the first example, a selector 33 selects a current value
of the current source 31 electrically charging the capacitor
30 depending on the types of error signals. In this manner,
identification signals having pulse widths varying depending
on the types of the error signals can be generated. In
addition, since the selection of the current value can be
configured by only a change of a current mirror unit, the
circuit can be simplified.

FIG. 9 1s a diagram showing a second example of the
timer circuit according to the embodiment of the present
invention. The timer circuit 26 of the second example allows
a selector 34 to switch threshold voltages V1, V2, and V3
depending on the types of error signals. In this manner,
identification signals having pulse widths varying depending
on the types of the error signals can be generated. In
addition, 1n the comparator 32, since a relatively accurate
threshold voltage can be generated by an internal power
supply and resistive division therein, the accuracy of the
output period of the identification signal can be improved.

FIG. 10 1s a diagram showing a third example of the timer
circuit according to the embodiment of the present inven-
tion. The fI1d, i2d, and 1134 are mput to a NOR circuit 35.
Depending on outputs from the NOR circuit 35, the tran-
sistor 29 connects or disconnects a chopping wave gener-
ating circuit 36 to/from the ground point. When any one of
the fIld, 124, and 13d corresponding to error signals 1s
input, the transistor 29 1s turned off, and a fundamental wave
generated by the chopping wave generating circuit 36 1s
output from the comparator 32. This fundamental wave 1s
frequency-divided by T flip-flop circuits 37a, 375, and 37c.
A selector 38 switches frequency division ratios N depend-
ing on the types of the error signals to output a frequency-
divided pulse signal. In this manner, even though the fun-
damental waves fluctuate, a signal having a pulse width
which 1s N times the pulse width of the fundamental wave.
For this reason, an output which is strong to a fluctuation 1n
processes and which has relatively high accuracy can be
obtained.

FIG. 11 1s a diagram showing an other-phase identifica-
tion signal preferential circuit according to the embodiment
of the present mnvention. In this case, any two of the drive
devices 3a to 3f are exemplified as A-phase and B-phase
drive devices. In each of the drnive device, configurations
except for a configuration around an other-phase 1dentifica-
tion signal preferential circuit 11 are not shown.

A rising edge detection unit 38 outputs a one-shot pulse 1n
accordance with the rising edge of an own-phase 1dentifi-
cation signal. A trailing edge detection unit 39 outputs a
one-shot pulse 1 accordance with the trailing edge of the
own-phase 1dentification signal. The output from the rising
edge detection unit 38 1s input to an OR circuit 40, and the
output from the trailing edge detection unit 39 1s also 1nput
to the OR circuit 40 through an AND circuit 41. An
other-phase 1dentification signal mput through the FO ter-
minal 1s mput to a D terminal of a D thp-flop circuit 42
through an inverter 42 and input to an AND circuit 41
through an mverter 43. An output from the OR circuit 40 1s
input to a T terminal of the D flip-tlop circuit 42. An output
from the D thp-flop circuit 42 allows the transistor 13 to be
turned on/ofl.

FIG. 12 1s a timing chart showing an operation of the
other-phase 1dentification signal preferential circuit accord-
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ing to the embodiment of the present invention. When an
other-phase identification signal 1s input through the FO
terminal, an input to the D terminal goes to low level. For
this reason, even though the one-shot pulse 1s input from the
rising edge detection unit 38 to the T terminal, no signal 1s
output from a Q terminal of the D thp-flop circuit 42. Thus,
the other-phase identification signal preferential circuit 12
does not allow an own-phase identification signal to output
from the FO terminal when an other-phase identification
signal 1s input through the FO termainal.

As described above, a protection operation signal having
a pulse width equal to that of one of an error signal and an
identification signal having a longer pulse width 1s generated
in the embodiment of the present invention. The FO terminal
receiving/outputting an identification signal and the FO_T
terminal receiving/outputting a protection operation signal
are mdependently configured. In this manner, an error pro-
tection operation can also be performed independently of the
identification signal. Thus, an error protection operation
coping with an error signal having a pulse width longer than
that of the i1dentification can also performed. Identification
signals having pulse widths varying depending on the types
of error signals are output to make 1t possible to 1dentity an
error mode on the MCU side.

When a second error signal i1s mput while a protection
operation signal corresponding to a first error signal previ-
ously input 1s outputting 1s output, the identification signal
generating circuit 11 does not generate an identification
signal corresponding to the second error signal. In this
manner, even though a plurality of errors continuously occur
in an own phase, 1identification signals corresponding to the
errors are not mixed with each other. For this reason, the
MCU side can identily an error mode.

The other-phase identification signal preferential circuit
12 does not allow an own-phase identification signal to
output from the FO terminal when an other-phase 1dentifi-
cation signal 1s put through the FO terminal. More spe-
cifically, when an 1dentification signal 1s output 1n an other-
phase, an identification 1s suppressed from being output in
an own-phase. In this manner, even though errors continu-
ously occur in the own-phase and the other-phase, 1dentifi-
cation signals 1n both the phases are not mixed with each
other. Thus, the MCU side can identify an error mode.

Since a change of pulse widths of i1dentification signals
can be achieved by a timer circuit in the identification signal
generating circuit 11, the circuit can be simplified.

Obviously many modifications and varations of the pres-
ent invention are possible 1n the light of the above teachings.
It 1s therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described.

The entire disclosure of Japanese Patent Application No.
2015-217440, filed on Nov. 3, 2015 including specification,
claims, drawings and summary, on which the Convention
priority of the present application 1s based, 1s incorporated
herein by reference 1n 1ts entirety.

The 1nvention claimed 1s:

1. A dnve device to drive a semiconductor element
comprising;

an 1dentification signal generating circuit generating an

identification signal depending on a type of an 1nput
error signal;

a protection operation signal generating circuit generating,

a protection operation signal, wherein the protection
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operation signal has a pulse width equal to that of one
of the error signal and the i1dentification signal, based
on which has a longer pulse width;

an other-phase 1dentification signal terminal 1nputting an
identification signal from an other-phase drive device
or outputting the identification signal to the other-phase
drive device;

a other-phase protection operation signal terminal mput-
ting a protection operation signal from the other-phase
drive device or outputting the protection operation
signal to the other-phase drive device; and

a protection circuit performing an error protection opera-
tion depending on the protection operation signal gen-
crated by the protection operation signal generating
circuit and the other-phase protection operation signal
input through the protection operation signal terminal.

2. The drive device of claim 1, wherein when a second
error signal 1s mput while a protection operation signal
corresponding to a first error signal previously input is
outputting, the i1dentification signal generating circuit does

not generate the identification signal corresponding to the
second error signal.

3. The dnive device of claim 1, further comprising an
other-phase i1dentification signal preferential circuit which
does not allow the identification signal to output from the
identification signal terminal when the other-phase 1dentifi-
cation signal i1s iput through the identification signal ter-
minal.

4. The drive device of claim 1, wherein the 1dentification
signal has a pulse width varying depending on the type of the
error signal.

5. The drive device of claim 4, wherein the 1dentification
signal generating circuit changes the pulse width of the
identification signal depending on an output from a timer
circuit, and

when the error signal 1s mput, the timer circuit begins to
clectrically charge a capacitor, outputs a signal until a
voltage of the capacitor reaches a threshold voltage
thereby indicating a time taken to charge the capacitor,
and selects a current value for electrically charging the
capacitor depending on the type of error signal.

6. The drive device of claim 4, wherein the i1dentification

signal generating circuit changes the pulse width of the
identification signal depending on an output from a timer
circuit, and

when the error signal 1s mput, the timer circuit begins to
clectrically charge a capacitor, outputs a signal until a
voltage of the capacitor reaches a threshold voltage
thereby indicating a time taken to charge the capacitor,
and selects the threshold voltage depending on the type
of error signal.

7. The drive device of claim 4, wherein the 1dentification
signal generating circuit changes the pulse width of the
identification signal depending on an output from a timer
circuit, and

when the error signal 1s input, the timer circuit frequency-
divides a fundamental wave, and switches a frequency
division ratio depending on the type of error signal.

G ex x = e
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